Thresholds for octave-band noises with center frequencies of 0.4, 1, 2, 4, and 10 kHz, and 1/3-octave-band noises with cehter frequencies of 10 and 20 kHz, were obtained from children 3-5 years of age and from a comparison group of adults. Thresholds for all frequencies decreased between 3 and 5 years of age. Thresholds decreased further between 5 years of age and adulthood, except for the 20-kHz stimulus, for which children had lower thresholds than adults. These results are discussed in terms of possible age-related changes in the mechanical properties of the car and in the efficiency of neural coding.
INTRODUCTION
In recent years, there has been increasing interest in the specification of auditory sensitivity in infancy (Eisele et The long-standing interest in auditory sensitivity in school-aged children and the current burgeoning interest in infant sensitivity stand in sharp contrast to the relative paucity of research focused specifically on the preschool period. Although it is clear that preschool children have higher absolute thresholds than school-aged children (Harticy and Siegenthaler, 1964; Fior, 1972; Maxon and Hochberg, 1982) , it is unclear how sensitivity changes with age during the preschool period.
The purpose ofthe present investigation was to chart the developmental course of auditory sensitivity in the preschool period. Specifically, we sought to establish thresholds for narrow-band noises with center frequencies between 0.4 and 10 kHz for children 3-5 years of age and a comparison group of adults. We adopted the test procedures used by Trehub et aL (1980) and Schneider et aL (1980) with infants 6-24 months of age in order to facilitate comparisons over an extended age range.
I. METHOD

A. Subiceta
Child participants were recruited from local preschools, parent groups, and from letters sent to nearby families. Adult participants were students who volunteered in response to posted notices. Therc were 251 children in the final sample, 53 at 3 years of age (36 months ___ I month), 51 at 4 years of age (48 months -t-I month), and 44 at 5 years of age (60 months -I-1 month). All of these children were healthy, born at term, had no history of ear infections, and were free of colds at the time of testing. A comparison sample of coldfree adults consisted of 43 individuals, 17-25 years of age, with a mean age of 20 years.
B. Apparatus and stimuli
The experiment was controlled by a microcomputer (Commodore PET, model 2001 ), which operated the equipment through a custom-built interface. The output of a white noise generator (General Radio, model 1381 ) was filtered by a programmable Bruel and Kjaer bandpass filter (model 1617). The filter was set for octave bandwidths centered at 0.4, 1, 2, 4, and 10 kHz and for l/3-octave bandwidths centered at 10 and 20 kHz. Octave bands were chosen principally because comparison data were available for younger children (Trehub et aL, 1980) and for adults (Robinson and Whittle, 1964). While narrowing the bandwidth would provide better frequency specificity, it would also increase amplitude variation in the sound field (Dillon and Walker, 1982) . Thus octave bands minimized amplitude variation, thereby increasing the precision of the threshold measures, while still retaining adequate stimulus specificity.
For frequencies of 10 kHz and higher, 1/3-octave bands provide a sufficient degree of amplitude stability. Moreover, the presentation of octave bands centered at 20 kHz was I by means of a hand-held button-press box. During the test. session, the parent, if present, and the experimenter wore headphones with continuous white noise to prevent them from detecting the locus of the test signal. The task was a two-alternative forced-choice procedure. The experimenter pressed a button to initiate a trial only when the listener was looking directly ahead at her. The signal remained on until the listener responded, either by a headturn of at least 45 ø ha the case of the younger children, or by a button press, in the case of the older children and adults. When the listener did not respond withha 4 or 5 s, he or she was told that the sound was on and was encouraged to listen carefully and guess the sound location. Correct responses resulted in reinforcement, either the presentation of an animated toy or TV cartoon segment, for 4 s. Incorrect responses resulted in a 4-s time-out period during which trials were not presented. The mechanical toys were used during the first session with each subject, and the TV cartoons, during the second session. Listeners who participated in a third test session could select either type of reinforcement for that session.
During the initial training phase, listeners were presented with a 4-kHz octave-band noise at 70 dB, the location of which alternated between loudspeakers. The purpose of this alternation was to prevent perseverafive responding in the youngest children. The children were required to make four successive correct responses at 70 dB, at which time the intensity was reduced to 60 dB; they were required to make four further successive correct responses at this intensity level. The training efitefion for adults required only two successive correct responses at each training intensity. In subsequent sessions, children received this abbreviated training procedure and adults received no training.
The test phase, which consisted of 28 trials, immixiiately followed the training phase. Each trial consisted of a single instance of one of the four intensity levels for each of the seven bandpass noises. To minimize the possibility that a listener might encounter several subthreshold trials in a row, the stimuli were randomized as follows. Seven random permutations of the four intensity levels were generated (for each subject ) so that all four intensity levels were represented in a block of four trials. The bandpass signal associated with each of these intensity levels was randomly assigned (again, for each subject) with the constraint that each bandpass signal could appear only once at a given intensity level.
Thus each block of four trials contained one of the seven stimuli at its highest intensity level. Assignment of signal to loudspeaker location was randomized with the constraints that an equal number of signals would appear on the left and right loudspeakers and that no more than three successive trials could involve signal presentation from the same side.
II. RESULTS
The percentage of correct localization responses averaged across subjects as a function of sound-pressure level for each of the seven test stimuli is shown in Fig. 1 
III. DISCUSSION
In the present experiment, auditory thresholds for five octave-band noises (center frequencies of 0.4, 1, 2, 4, In contrast to most psychophysical investigations, the design of the present study did not incorporate numerous observations from each subject at each frequency. Instead, each test session consisted of only a single presentation of four intensity levels of the seven stimuli. Since subjects participated in a maximum of three sessions, this precluded the With respect to the issue of improved sensitivity with age, one can speculate that this simply reflects motivational as opposed to sensitivity changes. It is possible that children between 6 months and 5 years of age do become increasingly vigilant on such a task but two factors mitigate against this as the principal interpretation. First, age-related changes in attention and cooperation should result in steeper psychomettic functions, but there is no evidence of this in Fig. 1 . Second, age-related motivational changes should also result in equivalent improvement at each frequency, but there is evidence, instead, of differential improvement. For example, the threshold decline between 0.5 and 5 years of age is much less for the 10-kHz octave-band stimulus than it is for the 4• kHz octave-band stimulus (see Fig. 2 ). It is reasonable to conclude, then, that age-related changes in performance are duc primarily to changes in auditory sensitivity rather than in motivation. If superior adult detection at some frequencies is to be attributed to motivational factors, then frequency regions of equivalent or superior performance by children must reflect even greater infant-adult discrepancies than we are proposing here.
Changes in auditory sensitivity between 6 months and 5 years could be due to changes in the mechanical properties of the car, changes in neural processing, or both. If there were any age-related changes in the mechanics of the outer, middie, or inner car, then one would expect the course of auditory development to be frequency dependent. For example, increasing the size of the auditory canal or the middle ear cavities would result in a lowering of the resonant frequency of these two structures. This, in turn, should shift the frequency to which the ear is maximally sensitive to a lower value. In Fig. 3 , we see that the typical minimum threshold value found at about 2 to 4 kHz develops gradually over many years. At I year of age, there is no dip in this frequency region; rather, the most sensitive frequency is 10 kHz. By 3 years of age, however, there is some indication of a dip at 4 kHz, and this dip has deepened by age 5. Thus simultaneous with a general improvement in auditory sensitivity over the preschool years is a shift in the region of maximal sensitivity to lower frequencies.
Since the auricle and external auditory canal do not reach their full size until adulthood (Shaw, 1974) , it is likely that some of the improvement shown in the midfrequency range is due to changes in the resonant frequency of these structures. Furthermore, as Zwislocki (1962 Zwislocki ( , 1965 shown, there are at least five component structures that affect middle ear sound transmission: the middle car cavities, the eardrum, the eardrum-malleus-incus system, the incudo-stapedial joint, and the stapes-cochlea-round window system. To the extent that there are developmental changes in the mechanics of these component systems, there may be corresponding changes in absolute sensitivity that are also frequency dcpendent. For example, the antrum and mastold air cells continue to develop during infancy and childhood (Bredberg, 1985) . Although the ossicles reach their adult size and shape before birth (Bredberg, 1985) , this is not to say that their mechanical properties are adultlike during the preschool period. Thus maturational changes in middle ear structures could well affect auditory sensitivity. Rubel (1978) has advanced the view that there are developmental changes in cochlear mechanics. Specifically, he suggests that for any particular frequency, the locus of the peak ofthc traveling wave along the basilar membrane shifts, with age, toward the apical end of the cochlea. Recent evidence in support of this view has been obtained from the study of embryonic and hatchling chickens. The locus of hair cell damage to acoustic overstimulation with pure tones shifts ontogenetically toward the apex (Rubel and Ryals, 1983 ). In addition, there are systematic changes in the tonotopic organization of brain stem auditory nuclei during late embryonic development, with the consequence of specific neurons being maximally stimulated by different frequencies at different ages (Lippc and Rubel, 1983 ). There is, as yet, no comparable evidence in human subjects, but it is possible that developmental changes in cochlear mechanics might extend into the age range of the present investigation.
Finally, the present results do not preclude the possibility of these age-related increases in sensitivity being due, at least in part, to increased efficiency of neural coding. Given the presence of physiological noise (Zwisiocki, 1978), we can conceive of the absolute threshold experiment as the detection of a signal in a background of physiological noise. Improved sensitivity may simply reflect the growing child's increasing ability to extract a signal from a noisy background. We are currently conducting studies of signal detection in noise to evaluate this possibility.
In summary, the period between 3 and 5 years of age is characterized by a marked drop in absolute thresholds. Since the extent of the drop appears to be frequency dependent, it is unlikely that it is simply attributable to motivational factors. The pattern of change is consistent with the hypothesis of mechanical changes in outer, middle, and inner ear structures. Further research is required to determine whether changes in the mechanical properties of the ear or maturing neural mechanisms are responsible for the improvemeats in sensitivity between infancy and 5 years. Finally, it is clear that the auditory system of the 5-year-old is not yet adultlike. Thus it is of particular importance to continue to track the developmental course of auditory sensitivity.
